The efficacy of mini-implants has proven itself indispensible in the orthodontic armamentarium and in the last decade the use of miniimplants have become a rule rather than an exception in biomechanically challenging cases. The simplicity of the clinical procedure involved in the placement of the mini-implant has rendered it a popular choice for orthodontists and it does not require extensive training. However, the biomechanical variations associated with its use are quite different and challenging when compared to conventional orthodontics-a fact which cannot be ignored by the clinician. Being an intraoral, extradental device, mini-implants are stationary in nature and this in itself should make one question the considerable variations involved when compared to anchorage using the dentition. The variation in the height of placement of mini-implants, in relation to the center of resistance of the dentition as a whole, and on an individual tooth, is certain to bring about changes in the biomechanical principles. The purpose of this article is to make the clinician cognizant of the biomechanical principles employed when using mini-implants in cases with different growth patterns which may help in improving the overall clinical efficiency.
INTRODUCTION
It is a well-established fact that conventional modes of bolstering anchorage with whatever modalities of appliances used are bound to tax anchorage because of its reciprocal nature. However, the ability of mini-implants to defy Newton's third law offers greater versatility and it is now possible to treat difficult cases which in the past would have required orthognathic surgery.
The biomechanical variations with force applications are significant when comparing conventional and mini-implant orthodontics. The very fact that mini-implants come under stationary anchorage placed at varying heights in the alveolus should make us ponder about the expected changes. Two cases with divergent skeletal patterns (vertical and horizontal) that have been successfully treated with mini-implants are presented. The rationale behind using different biomechanical principles involved in treating such cases is highlighted.
CASE REPORTS Case 1: Vertical Skeletal Pattern (Open Bite)
A female patient, 16 years of age, reported with a chief complaint of difficulty in chewing and an unesthetic anterior dental appearance (Figs 1 and 2) . A convex profile due to a retrognathic mandible was noted. An acute nasolabial angle, increased lower facial height and circumoral musculature strain on lip closure were observed. A severe anterior open bite of 4 mm with an overjet of 11 mm was observed. In addition, two distinct occlusal planes were present in the upper arch. Lower central incisors were congenitally missing.
The cephalometric analysis showed a skeletal Class II relationship (ANB 5°) with mandibular retrusion (SNB 75°). The cause of the skeletal Class II was attributed to the downward and backward rotation of the mandible causing a disproportionate vertical facial pattern. The mandibular plane angle was steep, gonial angle was large (Go-Gn to SN 39°, FMA 30°), and the patient had an increased lower anterior facial height.
The upper and lower incisors were labially inclined. Both upper and lower molars were extruded (U6/NF -28°, L6/MP -36°), and the molar relationship was Angle's Class II on both sides. There were no symptoms of temporomandibular disorder (TMD).
Diagnosis and Treatment Objectives
The patient was diagnosed as having an Angle's Class II malocclusion, with a skeletal Class II jaw-base relationship, The patient refused any sort of surgical intervention and so it was decided to use mini-implants to try and correct the skeletal and dental malocclusion.
The anterior open bite was primarily caused due to extrusion of molars, and, therefore, it was planned to place mini-implants for use as anchorage and intrusion of the posterior segment.
In open bite cases, it is preferable to place the implant at a relatively low position below the center of resistance of the maxillary dentition and place the retraction hook at a higher level. The force and moment produced in such a situation tends to deepen the bite 1 (Fig. 3 ).
Treatment Progress
Case was started with 0.022" Roth prescription (GAC-USA). Titanium mini-implants (1.2 mm diameter, 10 mm length; Dentos-South Korea) were inserted bilaterally in the buccal alveolar process between 1st and 2nd upper molar region and the buccal alveolar bone of the mandible between 2nd premolar and 1st molar at a relatively low position within the attached gingiva (Fig. 4) . A transpalatal arch was placed between the first molars to compensate for the buccal crown torque that would be caused by the intrusion force. After extraction of upper 1st premolars, segmental mechanics was used. In such clinical situations, continuous arch mechanics would flatten the occlusal plane which is to be avoided in cases requiring differential vertical movement. Following leveling and aligning of the maxillary arch segmentally, the posterior segment was intruded with the help of elastic chains engaged from the mini-implants.
After 6 months, 3 mm of posterior intrusion of the upper segment was achieved with subsequent autorotation. For correction of the molar relation and for ideal overjet and overbite, lower second premolars were extracted. Implants on the lower arch did not bring any sort of intrusion of the posterior segment, but at least served the purpose of preventing molar extrusion while retraction (Figs 5 and 6). The total duration of treatment was 20 months.
RESULTS
The excellent control in the vertical dimension with implant facilitated mechanics caused a reduction in the posterior dental height leading to a reduction in the facial convexity and lip strain. Posttreatment cephalometric evaluation showed a skeletal Class I jaw-base relationship (ANB 3°) and an Angle's Class I molar relationship was achieved on both sides. Overjet and overbite had become 2.0 mm, and the anterior open bite had been corrected (Table 1 ). The lower missing central incisors were replaced with a Maryland bridge after extracting the two A female patient, 20 years of age, reported with a chief complaint of severe proclination of upper front teeth and an incompetent lip seal. The patient had a convex profile due to a prognathic maxilla, an acute nasolabial angle, decreased lower facial height and circumoral musculature strain on lip closure were observed.
A severe anterior skeletal deep bite with an overjet of 10 mm and overbite of 6 mm was observed.
The cephalometric analysis showed a skeletal Class II relationship (ANB 5°) with maxillary prognathism (SNA 85°). The mandibular plane angle was flat, and the gonial angle was small (Go-Gn to SN 18°, FMA 10°), and the patient had a decreased lower anterior facial height.
The upper and lower incisors were labially inclined and the molar relationship was Angle's Class II on both sides. There were no symptoms of temporomandibular disorder (TMD) (Figs 10 and 11) .
In conventional retraction with sliding mechanics, when we apply a force from the molars, the anterior and posterior segments rotate around the center of resistance. The forces applied are reciprocal and adding a reverse curve of Spee will maintain the occlusal plane (Fig. 12) .
On the contrary, when retracting with mini-implants anchored in the bone, there is no reciprocal posterior moment or force. So, either the entire arch or the anterior segment will rotate around the center of resistance creating an anterior deep bite and a posterior open bite 1 (Fig. 13) .
A reverse curve of Spee will have a compensating effect in conventional mechanics, whereas the same reverse curve of Spee when incorporated with mini-implant retraction will exacerbate the anterior deep and posterior open bite creating an undesirable situation. Methods to counteract such undesirable effects are as follows: 1. Bonding an anterior bite plane to the lingual surfaces of the anterior teeth minimizes the occlusal plane rotation due to the forces of occlusion. 2. Light intermaxillary elastics between posterior teeth worn at night, can prevent posterior open bite. However, caution should be taken when using elastics in high angle cases. In deep bite cases, it is advisable to place the implant as high as possible above the center of resistance of the maxillary dentition. This produces a desirable moment, thus, opening the bite (Fig. 14) .
In situations, where intrusion of the entire arch is needed, it is advisable to place the retraction hook occlusally increasing the vertical component of force (Fig. 15) .
Treatment Progress
Ideally, in deep bite cases, as mentioned, it is advisable to use highly placed implants. But, in certain situations, we cannot place the implant very high in the vestibule due to anatomical constraints like inadequate vestibular depth. Insertion in the mobile mucosa increases the risk of inflammation around the mini-implant and may lead to failure. So, in such situations, to counter this untoward effect of rotation of the maxillary plane anteriorly downwards, an extra implant is placed high in the vestibule exactly at the midline. These implants are generally placed horizontally in relation to the occlusal plane and are slightly thicker and of shorter length. 
JAYPEE
Case was started with 0.022" Roth prescription (GAC-USA). A total of 3 mini-implants were placed, two implants were placed bilaterally between upper first molar and second premolar bucally (1.2 mm diameter and 8 mm length-Dentos, South Korea) and a third implant was placed in the midline after doing a frenectomy procedure (1.5 mm diameter and 6 mm length-Dentos, South Korea) to bring about anterior intrusion and prevent deepening of bite while retracting. Any retractive force applied in such a situation would bring about a tendency to open the bite (Fig.  16) . Initially, only upper 1st premolar was extracted and the extraction of the lower second premolar was delayed till adequate bite opening was achieved with mini-implants. Extraction of second premolar facilitated correction of molar relation and correcting the axial inclination of the lower anteriors. The total duration of treatment was 25 months.
RESULTS
The overjet was reduced by 7 mm resulting in a straight profile. The strain in the circumoral musculature during lip closure improved as a result of intrusion and retraction of the upper anteriors. Posttreatment cephalometric evaluation showed a skeletal Class I jaw-base relationship (ANB 3°) with Class I molar relationship on both sides and an ideal overbite of 3 mm (Figs 17 to 21 and Table 2 ). Boundary conditions with regard to the quantity of cancellous alveolar bone in the maxillary anterior region are a critical factor, 2 especially when trying to bring about intrusion and retraction of anterior teeth. As in this patient, the narrow trough of cancellous bone limits the boundary as any inadvertent tipping that occurs from conventional orthodontic mechanics will lead to labial movement of the root of the upper incisors resulting in contact with the cortical plate leading to unwanted extrusion of the upper anteriors. As it is evident from the severity of the skeletal problem, even minimal extrusion of the upper incisors will deepen the bite. Hence, mini-implants have the benefit of controlling root position, when pure intrusion of teeth is attempted.
SUMMARY
The complexity, the risks, and the cost factor of surgical treatment have initiated a search for alternative clinical procedures.Various alternatives for nonsurgical management of open bite include multibrackets in conjunction with highpull headgear therapy, 3 extraction therapy, 4 multiple-loop edgewise archwire (MEAW) therapy 5 and nickel-titanium wire with intermaxillary elastics. 6 Bite-blocks 7 have also been applied to achieve dentoalveolar intrusion of the maxillary posterior segments.
The treatment results in the first case were acceptable considering the fact that the patient refused any form of surgery. Although mini-plates have proved successful as a source of skeletal anchorage for closure of the bite without extrusion of the anterior teeth, 8, 9 they have the distinct disadvantage of surgical damage and risk, because of the need for a mucoperiosteal flap operation for both setting and removing them. 10 Apart from buccal implants, an anterior open bite can also be corrected by using palatal implants and customized palatal arches.
11
As a result of a significant counterclockwise rotation of the mandible caused by the intrusion of molars, the functional adaptation in circumoral musculature may be easily achieved. treatment for anterior open bite using implant anchorage remains unknown, and this remains a topic for future study in implant orthodontics.
In case 2, a severe skeletal deep bite was corrected with the help of three implants. Intrusion of teeth is considered to be one of the most difficult movements to achieve in orthodontics. Any intrusive force application using conventional mechanics like utility arches will have a reciprocal extrusive component on the posterior teeth as well. 13 Adequate retraction was also achieved using the buccal implants as a source of anchorage without anchor loss. Mini-implants have come as a practical solution to treat adult patients with a deep overbite and a gummy smile 14, 15 in cases which would otherwise require surgery.
CONCLUSION
As our profession crosses into a new century, we have available to us new technological privileges and new philosophies. A whole new realm of treatment options has now found its way into our practice. The success of any such innovation, however, lies in the clinician's ability to utilize the tool given to them as best they can. Ultimately, we all strive to serve our patients better and it must be that goal which drives us forward. Mini-implants are here to stay and despite all the hurdles clinicians face on the way, it is worthwhile to remember Brendan Francis who quipped, 'The best way to escape from a problem is to solve it'. It is suggested that the functional adaptation in musculature should be an important factor in the retention of the correction of anterior open bites. However, long-term stability after the 
